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SUMMARY 

A prograa to design, develop, fabricate and assenble a one-aan, self-contained. 
Oxygen Regeneration Systea (SX-1) incorporating electrolyzer druas that were 
designed, developed, fabricated and tested under Contracts NAS2-2810, NAS2-4843 
and NAS2-6412 was coapleted. The SX-l is a preprototype engineering aodel 
designed to produce 0.952 kg (2.1 lb)/d of breathable oxygen froa the electrol- 
ysis of aetabolic carbon dioxide and water vapor. The SX-1 was successfully 
designed, fabricated and asseabled. 

A task to develop a solid electrolyte cell with iaproved sealing characteristics 
was initiated and successfully coapleted in lieu of the SX-1 testing activity 
which could not be performed because of electrolyzer drum leakage. The 
results of the electrolyzer cell development task are the subject of this 
report. An iaproved cell design, termed a tube cell, was designed, developed, 
fabricated and tested. Design concepts incorporated in the tube cell to 
improve its sealing capability included minimizing the number of seals per 
cell and moving seals to lower temperature regions. 

The advanced tube cell design consists of one high temperature ceramic cement 
seal, one high temperature gasket seal and three low temperature silicone 
elastomer seals. The two high temperature seals in the tube cell design 
represent a significant improvement over the ten high temperature precious 
metal seals required by the electrolyzer drum design. For the tube cell 
design evaluated in this program, the solid electrolyte was 8 mole percent 
yttria-stabilized zirconium oxide slip cast into the shape of a tube with 
"Electrodes applied on the inside and outside surfaces. 

A coramercially-available technique for application of electrodes to the solid 
electrolyte cells was evaluated and shown to provide performance equal to the 
electrodes developed under Contracts N.4S2-2810, NAS2-4843 and NAS2-F412. 

Based on this result and the considerable cost advantage of using the commercial 
electrode application technique, all the tube cells evaluated contained elec- 
trodes applied by the commercial technique. 

A three-position test stand was designed, fabricated and assembled for evaluat- 
ing and characterizing the performance of individual tube cells. The test 
stand was designed to permit the characterization of the tube cells for 
carbon dioxide electrolysis, water electrolysis and combined carbon dioxide/ 
water electrolysis. The test stand contained the necessary instrumentation 
and controls to obtain the data required to characterize the performance of 
the tube cell, i.e., flow control and measurement, temperature control and 
measurement, pressure measurement and product gas analysis. 

A parametric test program for characterizing the tube cell was successfully 
completed. The tube cell was tested over a range of operating conditions, 
including variable carbon dioxide/water feed gas ratios, feed gas pressures up 
to 81.3 cm (32 in) water anode-to-cathode differential pressures up to 81.3 cm 
32 in) water operating temperatures fjom 1023 to 1253 K (750 to 980 C), operat- 
ing current densities un to 538 mA/cm _iC500 ASF) and fir, ally feed gas flow 
rates from 20 to 300 cm /min (0.7 x 10 to 10.6 x 10 cfm). 
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Tke parMietric test results d es w n strsted thst the solid electrolyte tiAe celt 
could successfully operated with feed gas pressures and anode-to-cathode 
differential pressures ^ to 108.2 tfs (IS. 7 paid), and that a^tequate perfor- 
■ance could he attained at the following operating conditions: tenperature 
1233 E (960 C), water or carbon dioxide feed gas flow rate ISO cn /nin (5.3 x 10 
cf»), ann^-to-cathote differential pressure up to 7 (1 paid), feed gas 

pressure 108 kPa (1 psig), and current density 9? aA/c« (*>0 ASF). The para^ 
Metric testing also revealed that tte tube cells can successfully perfom with 
any carbon dioxide/water feed gas nixture. 

A carbon dioxide electrolysis endurance test was conducted on the tube cell 
cottfiguratign. tee tube cell was successfully tested for 200 days operating 
at 97 tiA/at (90 ^F). The oxygc« produced contained less than 1.5% carbon 
dioxide and no detectable carbon L-j3oxide for tlie entire test. A second tube 
cell Incorporating a aodified cerauiic/aetal seal was successfully operated for 
21 days with less than 0.5% carbon dioxide and no detectable carbon w>noxide 
in the product oxygen exhaust. In both endurance tests there was no increase 
in leak rate as a function of tis» like that characteristic of the electrolyxer 
druB design. 

It is concluded that the tube cell design configuration will eliaiinate the 
process gas leakage probles characteristic of the electrolyzer druas. Continued 
developa^nt of the SX-1, involving the design, fabrication, assenbly and 
testing of an electrolyzer nodule coataining tube cells followed by integrating 
the nodule into the one-nan systen is recona^nded. 

nmMMMKrrioH 

There is a need for systens that can recover oxygen (0^) fr«s i^tabolically- 
produced carbon dioxide (CO^) for future extended duration nanned spaceflights. 
Such a systen could decrease payload weight by reducing the need for stored 0^ 
at launch. 

Several concepts for partially or conpletely perfoming this function have 
been proposed and studied. Sone of these are the Fused Salt concept, the 
Solid Electrolyte concept, the Bosch Reactor concept, the Sabatier-Methane 
Dump concept, the Sabatier-Methane Deconpos it ion concept, and the Sabatier- 
Acetylene Dunp concept. The results of a study for evaluating and select- 
ing life support systens for a 500-day nonresupply nission revealed that the 
nost prontsing route for 0, recovery fron CO^ was electrolysis using solid 
oxide electrolyzers and CO^isproportionators with replaceable cartridges. 
Several features of the Solid Electrolyte concept led to its selection. The 
Solid Electrolyte Oxygen Regeneration Systen (SEORS) c^bines the function of 
two separate subsystems that arc required in alternate Oxygen Regeneration 
Systens (QRS); a CO^ Reduction Subsystem (CRS), such as a Bosch or Sabatier 
reactor and an Oxygen Generation Subsysten (OGS) (water electrolyzer). In the 
Solid Electrolyte concept, both C0„ reduction and water electrolysis are 
carried out in the solid electrolyte electrolyzer cells. As a result, an ORS 
based on the Solid Electrolyte concept has a low equivalent weight, a nininun 
of interfaces, sinpllfied instrumentation and an absence of condenser/ separators 
for water removal. 


(1) References cited at the end of this report. 



JC^ 


Under Natioul ^roaautics and Sp^ce Adhainistration (NASA) Contract NAS2-7862, 
life Systems, Inc. (LSI) designed, developed, fabricated and as$ead>led a 
one'-iaan, self-contained SE(N^. Hovever, leakage of the previously developed 
electrolyzer drms provided as &>veriHKOt- furnished equipment (GFE) to the 
program (NAS2-2810, NAS2-4843 and NAS2-6412) prevented testing of^ihe system. 

The results of this effort %rere documented in an interim report.^ 

A task to develop a superior solid electrolyte cell was therefore initiated in 
lieu of the system test effort. This task involved the design, fabrication, 
assea^ly and testing of the advanced solid electrolyte cell. The design goal 
for the solid electrolyte cell was to eliminate the process gas leakage problem 
characteristic of the electrolyzer driMS. These single-cell design, develo^ient 
and testing activities are the subject of this report. 

T%e single-cell develo^^nt program consisted of four aiajor activities: 

1. The develofment of a single cell design which minimized the muAer 
of high tesq*erature seals and improved reliability relative to 
process gas leakage. 

2. The »valijji»ion of a new, cost-effective platinum electrode application 
technique and CMparison of its el act rochet cal performance to that 
obtained with electrodes applied per NAS2-2810, NAS2-4843 and NAS2-6412 
techniques. 

3. The design, fabrication and assembly of a single cell test stand for 
evaluating the solid electrolyte single cells in the water elec- 
trolysis and CO,, electrolysis operating modes. 

4. The testing of the advanced solid electrolyte single cells which 
included checkout tests, parametric tests and an endurance test. 

To accomplish the above, the progr.im was divided into six tasks and program 
management functions. The specific objectives of the tasks were to: 

1. Design, fabricate and assemble an advanced solid electrolyte single 
cell. 

2. Design, fabricate, assemble and functionally check out the Test 
Support Accessories (TSA) for evaluating solid electrolyte single 
cells. 

3. Implement a Product Assurance program to integrate maintainability, 
safety and quality assurance into the electrolyzer tube cell design 
and single cell test st.and. 

4. Conduct a test program consisting of test stand component checkout 
tests and calibrations, and single cell checkout, parametric and 
endurance tests. 

5. Conduct a parallel technology program to evaluate an alternate 
platinum electrode application technique. 
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6. Incorporate the data nanagrtot functions required to docuaent ai^ 
report the results of the developiKnt effort. 

El£CTIh)LYZER TUK CELL 

The objective of the electrolyzer tube cell developaient effort vss to desipi, 
fabricate and asse^le an electrolyzer cell that reduces the mnri>er of hi|^ 
teaiperature seals as coi^nred to tte KAS2-6412 vintage electrolyzer druas and 
thereby increase the reliability of solid electrolyte cells relative to process 
gas leakage. This design objective was successfully acconplisted. The follow- 
ing paragraphs describe the electrolyzer tube cell. 

Electrolyzer Tube Cell Function and Reactions 

The function of the solid electrolyte cell in an is to electrolyze CO. 
into 0^ and carbon annozide (CO) and to electrolyze water vapor into 0. and 
hydrogen (K^). A descriptive sch^atic of the cell operation along with the 
electrocheaical reactions is shown in Figure 1. For CO. electrolysis, the 
feed gas (CO.,) enters the cathode coapartment of the cetl, %here two arales gf 
(^2 wiCh four electrons to form two moles of CO and t%«j oxide ions (0~) . 

The 0 ions migrate through the solid electrolyte and reco^ine at the anode 
to produce one mole of 0. gas and release four electrons. For water electroly- 
sis, water vapor enters the cathode coa^artment of the cell where_two moles of 
Wfter react with four electrons to form two toIcs of H. and two 0 ions. The 
0 ions migrate through the solid electrolyte and react at the anode to produce 
one mole of 0^ and release four electrons. 

Electrolyzer Tube Cell Design Characteristics 

The design characteristics of the electrolyzer tube cell are listed in Table 1. 
^e Mst significant design characteristic in Table 1 is the number of high 
temperature seals. There are only two high temperature seals in the electro- 
lyzer tube cell design. This coqiares to ten high temperature seals for the 
NAS2-6412 electrolyzer drm design. Figures 2 and 3 are sketches of the 
electrolyzer tube cell configuration and the electrolyzer drum configuration, 
respectively. In the sketches the high temperature seals are identified. The 
total number of seals for a one-man solid electrolyte ORS based on the respec- 
tive electrolyzer cell designs are listed on each figure; 78 seals would be 
required with the electrolyzer tube cell design as compared to 320 seals for 
the electrolyzer drum design. 

The type of high temperature seals employed in the electrolyzer tube cell 
design are much less prone to deterioration as a result of temperature excur- 
sions and extended operating life. The electrolyzer tube cells elevated 
teaq>erature seals are a gasket seal and a ceramic cement seal as shown in 
Figure 2. The precious metal brazed seals characteristic of the electrolyzer 
drums have been completely eliminated. The precious mtal seals suffered from 
recrystallizaticn and grain growth of the braze material and a poor match of 
thermal coefficient of expansion between the precious metal and the ceramic 
materials . 
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Ft Ai^de 


Ft Cathode 
Solid Electrolyte 


CO^ Electrolysis Reactions 

Cathode: 2CO, + 4e * 2C0 + 20" 

Anode: 20 * 

Overall; 2 CO 2 - 2C0 + 0 ^ 


H jO Electrolyals Reactiong 

Cathode; 2 H 2 O + 4e • 2 H 2 + 20* 

Anode ; 20 ^2 * 

Overall; 2K-0 - 2H. + 0. 
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FIGURE 1 DESCRIPTIVE SCHSiATlC OF 
C0« AMD WATER ELECTROLYSIS REACTIONS 




imS 1 ELECTR0L1SE1 lOSE CEU. CHARACTraHSTICS 


P«rfot»«ncg rlrtlea 


CO.,El«ctrolysi« 


tforklng Flj^d 
Flow lato' ' 

Mass, kg/d (Ib/d) 

Voltne, lp« (cfn) 

Operating Tenparature, K (C) ^ 

Operating Current Density, nA/cm 
Pro<hict 0^ Parity, X O 2 

Iteter El^trolysls 


(ASF) 


0.020 (0.044) - 

0.031 (1.09 X lO”"*) 

1203 to 1233 (930 to 960) 
107 (100) 

>99.5 


Working Fli^ 
Flow Bate' ' 


Hater Vapor 


Ibss, 1^/d (Ib/d) 

Voltnw, Ipe (cfa) 

Operating T^perature, K (C) ^ 

(derating Dirrent Density, bA/» 
Product ©2 Purity, S ©2 

Physical Characteristics 


(ASF) 


8.1 X 10 ^ (0.0181 

0.031 (1.09 X 10 ) 

1203 to 1233 (930 to 960) 
107 (100) 

>99.5 


Hei^t, kg-(lb)- 
Voluae, ca (in ) 

Nuaber of High Temperature Se^ls 
Electrode Active Area ca'^ (In'^) 


0.9 (2.0) 
178.8 (10.9) 
2 

13.0 (2.0) 


Material Characteristics 


Honaetalllcs 


Metallics 


Yttrla, Zirconia* Altnina, 
Calcla, Graphite, Silicon (RTV) 
304 Stainless Steel, Platinun, 
Gold, Palladium, Inconel, 
Chromel /Aluael 


Electrical Characteristics 

Voltage, VDC 
Current, A 
Power, W 


(a) At operating traperature, density of 

(b) At operating temperature, dettslty of 


CO 2 1.81 X 10 "^ g/cm^ (O.Oll lh/£th. 
steam 4.48 x 10 ^ g/ca^ (0.028 Ib/ft^). 


continued- 
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Mwhaniol 


Electric^, 


Mouptloa 


Fe<^ 6ac Inlet; 

0.476 c» (0.187 Itt) 

Swegelok, 300-3-316 
Feed Cas &chaust: 

0.476 CB (0.187 In) 

Svagelok, 300-R-8-316 
Product 0, ^haust: 

0.635 ci (0.250 In) 

Smgelok, 400-6-316 

Leads: 

Tvo conductor 500 series 
cinch terainal block 
Theraocouple: 

K type theraocouple plug 

Placed inside suCfle furnace 
which is part of three position 
single cell test stand 
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IB 


Current LeaC Ther*o- 


424 K (151 



CO 2 Outlet, 1 Seal plui. 

2 Seals to Outlet Manifold 
(metal to ceramic gold braze) 



FIGURE 3 ELECTROLYZER DRUM DEPICTING NUMBER AND TYPE OF SEALS 
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Another characteristic of the electrolyzer tube cell design which decreases 
the probability of process gas leakage is the nature of the aanufacturing 
process by which the electrolyte tube is produced. This process involves slip 
casting the tube followed by a high teaperature fire. The resulting electrolyte 
tube structure is ii^ieraeable to gas in very thin cross sections. In coaparison, 
the electrolyte discs used in the NAS2-6412 electrolyzer druas were sliced 
froa hot pressed slugs. Since it is very difficult to achieve a coapletely 
non-porous slug in the hot press operation, subsequent slices froa the slug 
can be porous, particularly slices froa near the center of the slug. In order 
to ainiaize the electrolyte disc porosity the thickness of the solid electrolyte 
discs for the electrolyzer druas was aaintained at greater than 0.15 ca (0.06 
in). 

In suaaary, an electrolyzer module based on tube cells will be more reliable 
relative to process gas leakage because (1) the nuaber of high temperature 
seals has been reduced; (2) the type of high temperature seals are not prune 
to deterioration as a result of te«q>erature excursions or extended operating 
life; and (3) the structure of the electrolyte material has an extreaely low 
peraeability. 


Electrolyzer Tube Cell Description 

The electrolyzer ti'be cell consists of a yttrium oxide stabilized 

zirconium oxide (ZrO^) solid electrolyte tube, feed gas manifolding, a product 
0^ collection tube, anode and cathode current and voltage leads, thermocoui les 
and the required gaskets, ceramic cement and fasteners for assembly. A photo 
of the electrolyzer tube cell is shown in Figure 4. 

The coaponents of the tube cell are identified in the photo. These are the 
solid electrolyte tube which is a 0.952 cm (0.375 in) outside diameter x 
0.152 cm (0.060 in) wall thickness x 20.3 cm (8 in) long 8 mole percent 
stabilized ZrO tube. The platinum electrodes are applied over a 6.35 cm 
(2.50 in) length at the bottom of the solid electrolyte tube on the inside and 
outside surfaces. The inlet gas is admitted to the tube cell via a tee fitting 
and stainless steel tubing and through a ceramic inlet tube which directs the 
feed gas to the bottom of the cell. The ceramic inlet tube also provides for 
the entry of the gold/31t palladium (Au/3% Pd) cathode lead wire which is 
threaded through the center of the ceramic tube. Three platinum (Pt) current 
distribution wires are brazed to the end of the Au/3% Pd lead. The three Pt 
current distribution wires are wrapped around the ceramic inlet tube and 
contact the Pt cathode 120 degress apart. In effect, a press fit is obtained 
with the three Pt wires sandwiched tightly between the inside diameter of the 
electrolyte tube and the outside diameter of the ceramic inlet tube. A sketch 
of the ceramic inlet tube subassembly as positioned in the electrolyte tube is 
shown in Figure 5. The feed gas, after exiting at the bottom of the electrolyte 
tube, flows up around the ceramic inlet tube and reacts on the cathode of the 
tube cell which is the inner wall of the electrolyte tube. The cathode product 
gas proceeds up the tube and exits at the tee fitting as indicated. Oxide 
ions are transferred through the solid electrolyte material and react to form 
0- on the surface of the anode (outer wall of the solid electrolyte tube). 

The 0^ is collected in the 0^ compartment of the tube cell and exits through 
the O 2 vent. The anode current collector consists of a Pt wire which is 
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FIGURE 4 ELECTROLYZER TUBE CEU. ASSEMBLY 
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sandwiched bet%feeo the outside diaaeter of ^he solid electrolyte tube and the 
inside diweter of a precision aachined Inconel anode current collector retainer 
tube such that a press fit is obtained. The tube cell seals and their approxi- 
aate operating te^>erature are indicated in Figure 2. There are two high 
teaperature seals. The electrolyte tube is sealed along a 10.2 ca (4.0 in) 
seal length inside an Inconel tube using ceraaic ceaent. The cell housing 
assesdily and the collection tube asseablt are sealed with a high teiqperature 
gasket. The resuinder of the seals are accoi^>lished in a cooler zone using 
ceraaic ceaent, silicone cement or tube fittings. 

TEST SUPPORT ACCESStHllES 

The TSA designed and asseirt>led for the prograa were a three-position single- 
cell test stand and an electrolyzer tube cell leak test apparatus. The single- 
cell test stand included a gas distribution network, a steaa generator and a 
gas product Mnitor. 


Single-Cell Test Stand 

The scheaatic for the single-cell test stand is shown in Figure 6. The single- 
cell test stand was designed to allow the siwiltaneous independent operation 
of three electrolyzer tube cells. Two positions were designed for only CO 2 
electrolysis operation trhile the third (test stand position one) was designed 
for operation with pure CO.., pure steam or any ratio of the two. 

Water is converted into steam in the steam generator (SG-I). The steam passes 
through filter (F7) and through a downstream pressure regulator (R3). Ihe 
pressure regulator (R3) maintains a constant downstream steam pressure %;faich 
is measured by pressure gage PS. Excess steam is vented through a variable 
orifice flow control valve (V7). The steam flow rate to the electrolyze.’- tube 
cell passes through another variable orifice flow control valve (V6) . By 
controlling the teaqierature of the steam generator, the steam pressure and the 
positions of variable orifice valves V6 and V7 , the steam flow rate.^lo the 
electrolyzer cell can be.^adjusted between the required 20 to 120 cm' /mi a 
(0.7 X 10 to 4.2 X 10 ' ctm) for water vapor electrolysis testing. After 
passing through variable orifice valve Vo, the steam is directed to valve V4 
which is used to configure test stand position I for either steam or CO., 
electrolysis. For steam electrolysis, valve V5 remains closed and the steam 
proceeds to the electrolyzer cell (ECl) which is maintained in an oven at 
operating temperature using the oven's temperature control circuits. Both the 
H., and 0^ product gas is routed through a trap (Tl) water column (WRl) and 
ftowmeter (FI). The trap is used to protect the single cell from accidentally 
. 1 .. “xposed to water that is contained in the water column. The water 
Culuau- serves two purposes. It acts as a pressure regulator and pressure 
gauge, conventional pressure regulators that accurately control pressures 
from 101 to 108 kPa (14.7 to 15.7 psia) with sufficient accuracy at low product 
gas flow rates are not commercially available. The water column concept is 
used to provide backpressure control by inserting the exit gas tube to various 
depths in the water rolumn. From the water column the product gas is routed 
through a soap bubble flowmel**r which is an accurate device for measuring low 
flow rates. 




FIGURE 6 THREE-POSITION SINGLE CELL TEST STAND 8CHEHATIC 
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All three positloas of the test stand can operate in the CO. electrolysis 
■ode. The tX). feed gas pressure is controlled by regulator k 2. The feed gas 
then splits through three different routes through valves VI, V2 and V3. The 
feed gas pressure in each position is aonitored by pressure gages P2, P3 and 
P4. Siailarly, the gas flow is controlled by flow controllers FCl, FC2 and 
FC3. The flowMeters %rere calibrated and provide reproducible control. ^For 
test stand-positions 1 and 3, flow can be controlled froa 20 to 160 ca /ain 
(0.7 X 10 to S.6 X 10 cfa). Test stand position 2 was fitted vi^h a 
flowaeter %fhich provides flow control up to 300 ca /ain tlO.6 x 10 cfa). 

The gas is then directed through huaidifier tanks Hi, H2 and H3. The hiasidifier 
tank te^erature is controlled in order to provide 3% water vapor in the feed 
gas streaa. The 3% water is required to catalyze the CO^ electrolysis reaction. 
The gas et^iting the hiaiidifier tank is then directed into the single cell (EC2 
and EC3) for test stand positions 2 and 3. For test stand position 1 to run 
in the CO^ electrolysis SK>de the three-way valve, V4, Mist be in the CO^ feed 
position and valve V5 closed. An additional provision in test stand position 
1 is provided to allow running aixtures of steaa and CO^. This is done by 
positioning valve V4 in the steaa configuration and by opening valve V5 to 
allow any ci^ination of CO^ and steaa aixtures to be fed into the electrolyzer 
cell. The product gas pressure and flow control is siailar for all three test 
stand positions. 

A front view and rear view of the test stand are shotm in Figures 7 and 8. 

The front view shows the instriMent controls required for operation of the 
individual positions of the test stand. The front view photo of the test 
stand shows the CO^ feed gas pressure gauges, flowaeters, oven teaperature 
controllers, himidifier tank teaperature controllers, steaa line te^erature 
controller, power supplies for each individual test stand position, current 
iKter and voltage aeter and accoapanying switch which allows reading individual 
cell voltage and current paraaeters and the valves required for turning on and 
off CO^ and steaa flow. Also shown is the gas chroaatograph and accoapanying 
recorder which is used to determine product t purity and the furnace for test 
stand position 3. The rear view reveals the teed gas humidifier, water traps, 
water coIumis, electrolyzer furnace for positions 1 and 2, the steaa generator, 
the CO^ feed gas supply and the gas chromatograph calibration gas supplies. 

A Carle Analytical Gas Chroaatograph 311 with a thermal conductivity detector 
and a 3 a (10 ft) Poropac Q capillary column was employed to determine CO^, CO 
and in the 0^ product gas. Calibration curves were obtained using three 
standard gas aixtures. The recorder used was a Fisher Recordall Series 5000, 
or a Hewlett Packard, Moseley 7101B strip chart recorder with a built-in 
peak area integrator. 

The test stand incorporates several safety features. The test stand is designed 
to shut down for high electrolyzer cell teaperature, high steaa generator 
teaperature and for power failures. In addition, the power supplies have a 
voltage limit which allows control of the maximum voltage that can be applied 
to the electrolyzer tube cells. 
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Electrolyzer Tube Cell I«ak Test Apparatus 


A scheaatic of the leak test apparatus is presented in Figure Nitrogen 
(N 2 ) pressure of 25 cai (10 in) water is applied to the tube cell using pressure 
regulator PRl and valve VI. The pressure is Kasured with water aancuKter PI. 
For perforaing the leak test the N^ gas siq>ply is shut off using valve VI and 
the pressure drop (water SMooneter rl) is owasured as a function of tine. If 
the pressure decreases greater than 2.5 aa (1.0 in) water in ten ainutes the 
cell fails the leak test. 

mornm testing 

A test prograa was c<»pleted to characterize the electrolyzer tube cell, with 
special ei^hasis on deteraining the reliability of the tube cell seals over 
tiae and on deteraining the cell's electrochoaical operating characteristics. 
The test prograa consisted of checkout tests, paraa^tric tests and an e^urance 
test. 


Electrolyzer Tube Cell Checkout Tests 

The electrolyzer tube cell checkout tests included perforaing a leak test and 
current density span on each asse^led cell. An additional checkout test was 
perfomed only on the first electrolyzer tube cell asses^led. This test 
involved deteraining the T.O. stabilized ZrO. solid electrolyte breakdown 
voltage. 

Leak Tests 

The principal reason for the develo|»ent of the electrolyzer tube cell was to 
i^rove the high te^erature seals between the anode and cathode c<»Bpartaents 
of the cell in order to ainiaize CO^ and CO leakage into the product 0_. 

Each electrolyzer tube cell asseabled was subjected to a leak test perfor^d 
at operating teiq>erature. 

Early in the prograa, tube cells were asseabled by aanually packing ceraaic 
coaent into the 10 ca (4 in) long seal area between the electrolyte tube and 
the Inconel tube of the manifold assembly. /This arrangement passed leak tests 
that were developed for electrolyzer drums. ^ An improved ceramic cement 
vibration packing technique was developed during this program which resulted 
in a more uniform and a higher density packing of the ceraaic cement in the 
seal zone and thereby produced a better seal. Using the vibration packing 
technique, asseabled electrolyzer tube cells easily passed the leak test 
designed for electrolyzer driass. As a result, a much more rigorous leak test 
procedure was developed for the tube cells. Cells assembled using the vibration 
packing technique exhibit a pressure decrease of less than 1.25 cm (0.5 in) 
water in 10 ainutes with a 25 cm (10.0 in) water pressure differential across 
the cell. 

Zirconium Oxide Breakdown V oltage 

The maximum operational current density of the electrolyzer tube cell is an 
important parameter for optimizing the design of an ORS based on CO^ + water 
electrolysis via solid electrolyte cells. 
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Higher operating current denaities result in greater 0. production per cell 
and therefore results in fe«wr cells per Mdule and accoaq>anying lower weight 
and voluae * . the (HtS. At high current densities, however, the vol^ge 
required to sustain the electrocheaical reactions (IR-free voltage^*'') auiy 
exceed the reduction potential of the ZrO^^ electrolyte. 

Reduction of ZtO^ to Zr would bec(»e a reaction coopeting with the desired (X). 
and/or water electrolysis process and if permitted to continue «K>uld result in 
the eventual destruction of the solid electrolyte. Hence, the maxlMHB operational 
current density of a ti^e cell mist be set such that its IR-free voltage is 
below the reduction potential of the electrolyte. 

The electrolyte reduction or breakdown voltage of stabilized ZrO^ was 

experimentally determined by purging the cathode co^artment of an electrolyzer 
tube cell with pure gas, suintaining the anode in one aUmsphere of O 2 and 
applying an increasing potential difference across the cell. The resulting 
current, was recoded. The results are presented in Figure 10 and indicate 
that electrolyte reduction commences near -l.O V versus anode and increases 
rapidly above -1.2 V versus anode. From this result it was decided not to 
operate the electrolyzer tube cell above an IR-free voltage of 1.2 V. 

The current/voltage curve coa^ncing at approximately O.S V was obtained when 
CO^ was fed into the cathode coapartsent and reduced at very low current 
densities. 

A recent study^^^ indicates that the reaction taking place around 1.2 V could 
be the reversible formation of various Zr-Pt interaetallic coaqpounds near the 
surface of the electrolyte on the cathode side of the tube cell. Requisites 
for the formation of these phases are highly polarizing conditions and very 
low 0- activity, conditions found for both CO^ and water electrolysis at the 
cathode . 


The formation of these intensetallic co^>ounds should not interfere with the 
electrolysis of the feed gas but since the electrolyte is multi-phased the 
potential of the cathode becomes independent of the feed gas composition and 
dependent on the percentage of Zr in the various Zr-Pt phases. The irreversible 
reduction. potential of ZrO. was calculated, using thermodynamic data, to be 
2.22 V. ^ ^ This is safely^above the 1.2 V 1 
electrolyzer tube cells. 


maximum IR-free voltage set for the 


CO ^ Electrolysis Current Density Spans 

Current density^versus voltage data for CO^ electrolysis at current densities 
up to 484 wA/cta (450 ASF) was obtained for all the electrolyzer tube cells 
assembled. A typical result is presented in Figure il. Both terminal voltage 
and IR-free voltage are plotted versus current density. The difference in the 


(a) The passage of current through a solid electrolyte cell requires a voltage 
to produce the desired electrochemical reaction (IR-Free voltage) plus an 
additional voltage to overcome cell resistance (IR voltage). The IR 
voltage must be eliminated when determining the electrochemical reduction 
potential of ZrO^. 
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FIGURE 11 TYPICAL CURRENT DENSITY SPAN, CO 2 ELECTROLYSIS 


ifry 


Cife SpUm, Jm, 


two curves is a awasure of the total cell resistance tfhich is approxiaately 
0.66 ohBS. Measureaents using noncurrent-carrying potential leads indicate 
that approxiaately 0.24 ohas is directly attributable to the resistance of the 
Pt and ^/3X Pd current carrying wires. 

2 

The IR-free voltage at 484 aA/ca (450 ASF) is l.O V indicating that higher 
current density operation auy be feasible, at least for short tiaes, without 
exceeding the electrolyte break<knra voltage. 

Water Electrolysis Current Density Spans 

Current density versus voltage data for water electrolysis was obtained and 
typical data is presented in Figure 12. By co«^>aring Figures 11 and 12, it is 
evident that the tube cells exhibit a siailar behavior for both CO^ and water 
electrolysis. Itesistance values are siailar to those obtained for CO^ elec- 
trolysis reported above. The shape of the IR-free voltage versus current ^ 
density curve also indicates that current densities greater than 538 aA/ca 
(500 ASF) could be applied without exceeding the electrolyte breakdown potential. 

ParasKtric Testing 

Various paraactric tests were perforaed to define the optisHia operating condi- 
tions for the electrolyzer tube cell. Tests to deteraine the effects of 
tesfierature , backpressure, feed gas flow rate ana feed gas cos^csition were 
conducted. The results of these tests are reported in the following paragraphs. 

Effect of Operating Tei^>erature 

The terainal voltage of an electrolyzer tube cell operated at several constant 
current densities was obtained at various operating te«g>eratures . The results 
reported in Figure 13, indicate that electrolyte resistance to ionic conduction 
increases significantly below 1200 K (927 C). Above this tenperature increasing 
current collector resistance nearly balances decreasing electrolyte resistance 
and little effect is observed. The operating teaperature range for electrolyzer 
tube cells with Y.O -stabilized ZrO^ electrolyte was therefore selected to be 
1200 to 1233 K (927\o 960 C). ^ 

Effects of Backpressure 

Tests were conducted to deteraine the effects of backpressure on the electro- 
cheaical perforaance and on the leak rate of electrolyzer tube cells. No 
effect was observed on terainal or IR-free voltage when backpressures up to 81 
ca (32 in) water were applied to the feed gas or product gas exit ports of 
the electrolyzer tube cell. 

A test was conducted to determine the effect of anode to cathode differential 
pressure on the leak rate of an electrolyzer tube cell. A tube cell was 
operated at a constant current of 5.0 A while the CO^ backpressure was increased 
to 81 ca (32 in) water. The product 0 purity was aeasured using a gas 
chromatograph for pressure differentials of 0, 20 ca (8 in), 41 cm (16 in), 51 
ca (20 in) and 81 ca (32 in) of water. The results are presented in Figure 14 
and indicate that increasing backpressure does not produce a major increase in 


23 



Cell Voltage 


Current Density, ASF 





FIGURE 12 CURRENT DENSITY SPAN, WATER ELECTROLYSIS 
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leak rate or catastrophic failure of the cell. Based on this test it was 
concluded that the tube cell can operate with pressure differentials of at 
least 6.9 kPa (1 psid) between anode and cathode coapartaents . 

While perforaing these tests the percent CO^ in product 02^ was deterained as 
a function of current density. This data, presented in Table 2, points out 
that the effect of CO^ leakage into the product 0^ can be ainiai 2 :ed by operating 
the tube cells at higher current densities. 

Effect of Feed Gas Flow Rate 

2 2 

The electrolyzer tube cell active area is 13 ca (0.014 ft ). For 100% reduc- 
tion at 108 aA/cs_ (100 ASF) a CO., feed gas flow rate of approxiaately 10 
ca^/ain (3.5 x 10 cfa) is required. A test was conducted to deteraine the 
effect of feed gas flow rate on electrocheaical perfonaance of the tube cell. 
Current-voltage spans for various CO^ and steaa flow rates are presented in 
Figures 15 and 16, respectively. 

The upturn of the curves indicates the coaaenceaent of concentration polariza- 
tion. Die electrodes becoae starved of feed gas at the higher current densities 
and increasing the flow rate does not lead to a corresponding decrease in 
voltage. The results possibly indicate a nonunifona distribution of feed gas 
across the electrodes. Inproved gas distribution nay allow higher current 
density operation for any given flow rate. 

Effect of Feed Gas Ccwyosition on Perforaance 

Current density versus voltage data for 100% ^^2’ water, a 0.6 sole ratio 

of water/co. and a 1.2 arale ratio of water/CO^ was obtained. The data, presented 
in Figure 17, indicates that at the test conditions cited there is little 
variation in perfonaance between the feed gases. These results show that the 
solid electrolyte tube cell can be operated with any ratio of water and CO^ 
feed gas. 


Endurance Tests 

An endurance test was initiated early in the test prograai to permit the acquisi- 
tion of more than the contractually required 30 days of endurance test data. 

The first tube cell endurance tested (cell No. 7) was asseaibled employing 
Au/3% Pd current collector wires pressed to the cathode by a 1.25 cm (0.5 in) 
long Inconel 600 ring. The endurance test was begun August 6, 1977. The 
results of the endurance test are presented in Figure 18 and Table 3. After a 
preliminary break-in period where the terminal voltage gradually increased 
over a period of 27 days, a sudden large increase in terminal voltage occurred 
on the 27th day indicating som form of catastrophic failure. A check of 
IR-Free voltage, leak rate and product 0^ flow rate and purity all revealed no 
change in cell performance. A sudden drastic increase in cell resistance was 
the only apparent change. 

The cell was operated intermittently for several days at high voltage, then 
slowly cooled to room temperature, disassembled and inspected. 
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TAH.E 2 0^ PURITT VERSUS amXEHT DENSITT 


Current, 

A 

Current.Denslty, 
mkicm (ASF) 

IC0,-in-0.„ 

Total 0. Produced, 
1 ca^/nin (cfa) 

GO 2 Leak Rate, 
CB /Bin (cfa) 

1.26 

97 (90) 

0.69 

4.7 (1.6x10"^) 

0.032 (l.lxlO"*) 

3.26 

251 (233) 

0.28 

12.2 (4.3x10"^) 

0.034 (1.2x10"^) 

5.00 

373 (347) 

0.18 

18.7 <;6.6xl0"^) 

0.034 (1.2x10'^) 


CO 2 Electrolysis, Cell No. 9 

TeBpeTature,-E (C) : 1233 (960) __ 

CO^ Flow, cb'^ / ain (cfa): 275 (9.7x10 ) 
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FIGURE 15 CO 2 ELECTROLYSIS CLTIRENT DENSITY SPANS AT VARIOUS CO 2 FLOWS 
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FIGURE 16 WATER ELECTROLYSIS CURRENT DENSITY SPANS AT VARIOUS WATER FLOWS 
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FIGURE 17 CURRENT DENSITY SPANS FOR VARIOUS WATER/CO 2 RATIOS 
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FIGURE Ki ENDURAIICE TEST VOLTAGE VERSUS TIME, CELL NO. 7 
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TABLE 3 CELL NO. 7 ENDURANCE TEST DATA 


Cell No. 7 - 

CO- Flow - 155 CB /min (5.5 x 10 cf«) 
Tanperature - 1233 K (960 C) 
Current Density - 97 oA/ca (90 ASF) 


Day 

Terminal Voltage 

X O)--ln-0, 
2 

1 

1.55 

N.T.^*^ 

10 

1.70 

N.T. 

“(W 

”(c) 

2.05 

N.T. 

3.78 

0.66 

1.92 

1.57 

36 

1.75 

1.35 

48 

1.83 

1.28 

59 

3.79 

N.T. 

70 

1.90 

N.T. 

77 

1.9S 

1.40 

83 

1.99 

1.32 

90 

2.00 

1.28 

99 

2.05 

1.48 

108 

2.07 

1.40 

115 

2.04 

1.56 

125 

2.07 

1.57 

137 

2.21 

1.57 

143 

2.25 

1.49 


(a) Data not taken. 

(b) Cell shutdown after this data point. 

(c) Cell rebuilt and back on test. 
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A viaiial iftspecti<a of tte aaode revealed loaa of electrode aaterial under the 
Au/3% Pd current collectors and the Au/3% Pd current collectors exhibited a 
trajiah color at the electrode contact aurface. ‘Die current collectora vere 
only Mrginally in contact with so»e areas of the Pt electrode. 

Dlsassaid>ly of the cathode cMpartaunt revealed a aiailar, though less severe, 
loss of electrode aaterial under the cathode current collectors. 

Platiniaa frem the electrode had augrated into and alloyed with the Au/3% Pd 
current collectors resulting in a gradual loss of contact between the electrode 
and cumnt collector wires and a loss of electrode area. This led to a 
si^ificant increase in current density in the area under the current collector 
wires and passivation of a large fraction of the electrode area. The higher 
locali^d current density resulted in a larger IR drop across the cell and 
sccoB^uying high voltage shutdown. 

Ihe last d^ta Kasuments before cell disasseriily showed no degradation in 
electrochenical (IR-free voltage) perforaance, so it was decided to attei^t to 
rebuild tte cell. 

The anode current collector wires were reinserted after rotating the asseably 
60 degrees so that the Au/3% Pd wires were again in contact with the Pt electrode. 
In an effort to prevent future alloying problems oi the Pt electrode with the 
Au/3% Pd current collector wires the cathode was wrapped wi**' » thin platinua 
screen and the gold current collector wires were reapplied over the top of the 
screen. The Inconel 600 retaining ring was replaced with an Inconel 600 tube 
the length of the cathode. This configuration isolates the Pt cathode froa 
the Au/3% Pd current collector by the Pt screen. 

After rebuild the cell was reheated to the operating tenperature and the 
endurance test was continued. Alloying had resulted in a loss of approxiaately 
30% of the Pt electrodes. The current for the continua|ion of the endurance 
test was therefore reduced so as to maintain a 97 aA/ca (90 ASF) curreu.. 
density based on the reduced electrode area. 

Current density versus voltage spans representing performance before, during 
and after cell high voltage operation are presented in Figure 19. The results 
clearly show that the failure mechanism caused increases in IR polarization 
and that the electrochemical operation of the cell (IR-free voltage) did not 
degrade as a result of the failure. 

The endurance test on the tube cell reached 200 total days of operation on the 
date of pulutcation of this report. The endurance test is b.ing continued 
under an IR^ Program. The 200 days included 175 days of continuous operation 
after rebuild. Both terminal voltage and IR-free voltage has gradually increased 
with time after the cell was rebuilt as shown in Figure 20 which contains 
current density spans at various tii^s during the endurance test. These 
results imply a gradual increase in both overall cell resistance and electro- 
chemical polarization. Such results may be explained by a gradual decrease in 
electrode surface area. 


35 








Currme Density, ASF 
2 


/o/c. " 


Tsrnlnsl Volesgs 




,s5ss^“— 


Key 

A After 886 Hours 
O After 1,387 Hours 

□ After 1,550 Hours 

O After 1,846 Hours 

4* After 2,520 Hours 


IR’>Free Voltage 



Tube Cell Ho. t 7 

Temper eture,-K (C) i 1233 (960) 

CO, Flow, cm-*/nln (cfm)i 155 , 

^ (5.47 X lO'-*) 


320 3 

Currant Density, mA/cin^ 

FIGUWJ 20 CURMNT DENSITT SPANS DURING ENDURANCE TEST, CEIX NO. 7 




Jm. 


During endurance test tke current efficiency regained at 100% within the 
accuracy of tin; Measuring tectei«pie (see Table 3). iefore tte cell was 
rebuilt 0^ purity re«ained constant at 99.3% (or 0.7% in O^). After tte 
rebuild, product gas pirity ranaii^ at approxlMately 9S.6% (or 1.4% 00^ 

0.,). T1^ incKase in leak rate can be attributed directly to the cooling down 

and rebuilding process. 

A second en<hirance test w*as initiated e. ploying cell No. 12 which was asseabled 
with tite iaiproved vibratiM sealing tectaiipK a»l Pt current collector wires. 
This cell was previously operated interaittently over 39 days during %fhich 
various parMetric tests were per^oraed. The purpose of this second e^teranre 
test was to dem'-nstrate 215 mA/ca (200 ASF) current density operation and low 
leak rate for an extended period of time. This cell was <^erated for 2» days 
with a current efficiency of ai^roxisHtely 100% and a leak rale below 0.2% OO.^ 
m O^. The results of this test are presented in Figure 21 and Table 4. 

Current density spans taken at various tines during the endurance test are 
presented in Figure 22. A building pow^r failure during which the cell cooled 
in an mcontrolled profile to roon tes^rature caused tl^ cell to be ruiMd by 
theimil shock. The uncontrolled cooling can be elimnated for future Modules 
incorporating electrolyzer tu^ cells by designing the insulation such that 
cooling occurs with a profile of <3 E (3 C)/ninute. 


SUPPOmilG TECWWLMV STUDIES 


Three supporting technology study tasks were carried out during the progrw. 
These were (1) the developsient of an inproved ceranic ceaient seal between the 
electrolyte tube and the Inconel auoifold tube, (2) the evaluation of a ciMMer* 
cial electrode application technique and (3) a study to det-.-cMine the Methods 
for decreasing the electrolyzer tube cell IR voltage looses. 

Ceramc Cei^nt Seal Develof^ient 

The ceraMic cesient seal between the electrolyte lube and the Inconel tube 
underwent a sif^ificant iSfiroveMent during the course of the prograM. Initially 
the ceraaic ceMent was applied by coating the outside of the electrolyte tube 
and the inside of the Inconel tube with the ceranic ceMent followed by carefully 
inserting the electrolyte tube into the Inconel tube. This technique produced 
a nonuni fora seal zone. As a result several other techniques for Making the 
seal were experiMental ly evaluated using a transparent glass tube to sianilate 
the Inconel tube and thereby peraitting observation of the uniforaity and 
density ol the ceraMic cesMfnt at the seal interface. A technique was develcqped 
which produced a high density, very unitora ceraMic ceswnt seal. This technique 
involved vibrating the ceraMic cement into the seal zone. The forces set up 
during vibration altered the viscosity of the ceramic ccMebt and ^llow'ed it to 
easily flow into the seal zone. A tube cell asses^led using the vibration 
seal technique produced with less than 0.2% CO,. This bettered the program's 
O, purity goal of loss than 0.5% Co,-iis-0,. This^lest data is discussed in 
tfie PrograM Testing section of tliis*'report. Additional details on the tube 
cell assenbiy technique can i»e found in » he Electrolyzer Tube Cell .Assembly 
Procedure. * 
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FIGURE 21 EKDURAltCE TEST VOLTAGE VERSUS TZHE. CELL NO. 12 






TAS.E 4 cm. m. 12 EHNJSAm TEST DATA 
- Cell Mo. 12 - 

CO, Flow - 100 ca /ala (3.5 % IC""* cfa) 
Teaperature • 1233 S (f#0 C) 
Current Oenslty ■ 214 mA/tm" (200 ASF) 


Terainal 


Date 

Day 

Voltage 

% 00,-ta-O^ 

12/8/7? 

0 

2.97 

0.151S 

12/9/77 

1 

3.15. . 

0.1211 

12/10/77 


- 

12/11/77 


M.T. 

- 

12/12/77 

4 

3.27 

0.135* 

12/13/77 

5 

3.29 


12/14/77 

6 

3.19 

0.1411 

12/15/77 

/ 

3.24 

- 

12/16/77 

8 

3.25 

- 

12/17/77 

9 

K.T. 

- 

12/1S/77 

10 

N.T. 

- 

12/19/77 

11 

3.36 

0.140% 

12/20/77 

12 

3.36 

- 

12/21/77 

13 

3.36 

- 

12/22/77 

14 

3.39 

0.153% 

12/23/77 

15 

M.T. 

- 

12/24/77 

16 

M.T. 

- 

12/25/77 

17 

M.T. 

- 

12/26/77 

18 

M.T. 

- 

12/27/77 

19 

3.30 

0.146% 

12/28/77 

20 

3.37 

- 


(a) N.T. « Data point not taken. 
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FIGURE 22 CURRENT DENSITY SPANS DURING ENDURANCE TEST, CELL NO. 12 
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Coaaiercial Electroding Technique 

A coaaercial electrode application technique was evaluated during the prograa. 
Early in the prograa an electrolyte tube was platinized by the coaaercial 
technique (LSI~Z) and evaluated. 

The evaluation revealed that tube cells with electrodes applied by the LSI-Z 
technique perforaed as well as electrolyzer drtais with electrodes applied by 
HAS2-4843 and NAS2-6412 technique, ^le Pt electrodes were uniform, .consistently 
aet the specification of 25 ±3 ag/ca (5.6 x 10 ±0.7 x 10 oz/in ) Pt 

loading, exhibited an excellent bond to the electrolyte tube surfaces, and 
perforaed well over an extended length of tiae (200 days). In addition, the 
ccoaercial electrodes cost one-fifth as auch to apply to the electrolyte tube 
as coaq>ared to the NAS2-4843 and NAS2-6412 electrode application technique. 

As a result, all of the electrolyzer tube cells used for this prograa contain 
electrodes applied by the coaaercial technique. 

Tube Cell Terminal Voltage laprove^nt Study 

An IRAD study was conducted to identify methods for reducing the resistive 
voltage loss of the electrolyzer tube cell. The study revealed that the power 
requireaents could be reduced significantly by decreasing the wall thickness 
of the electrolyte tube and by increasing (doubling) the diameter of the 
current-carrying lead wires. The study also pointed out that changing solid 
electrolyte material to a material with higher ionic conductivity (scandium 
oxide stabilized ZrO^ versus stabilized ZrO^) produces a less 

significant decrease in power loss when cosipared to decreasing the electrolyte 
thickness and increasing the diameter of the leads. 

The relative iiaprovement in electrolyzer tube cell terminal voltage expected 
for various design modifications is shown in Figure 23. The change to a 
thinner wall electrolyte tube and increased lead diameter are expected to 
decrease the electrolyzer tube cell power loss by 60% and offer the most 
attractive next step for the development of low power consuming electrolyzer 
tube cells. 


CONCLUSIONS 

Based on the results of this program, the following conclusions can be made: 

1. An electrolyzer tube cell which meets the program's 0^ purity specifi- 
cation (less than 0.5% CO^ in 0^) was developed and evaluated. The 
electrolyzei cell design characteristics which led to the improved 
seal were the development of a high density, slip cast electrolyte 
tube and a design configuration which employs only two high tempera- 
ture seals. 

2. Electrolyzer tube cells can operate with differential pressures of 
up to at lejst 6.9 kPa (1 psid) without catastrophic failure or 
significani increases in leak rate. 


Cell Voltage 



FIGURE 23 PERFORMANCE EXPECTED BT INCORPORATION OP VARIOUS TUBE CEIJL DESIGN MODIPICATICUS 
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3. The LSI-Z Pt electrodes applied to the electrolyzer tube cells 
perfons as well as electrodes applied per the techniques developed 
under Contracts NAS2-2810, NAS2-A843 and NAS2-6412. 

4. The nininun electrolyzer tube cell operating temperature that can be 
used without sacrificing performance is 1203 K (930 C). A slight 
increase in performance is noted up to 1233 K (960 C) with no signitx- 
cant performance improvement for temperatures greater than 1233 K 
(960 C). Based on this performance, 1233 K (960 C) was established 
for the operating temperature of the Y 202 “Stabilized ZrO^ electro- 
lyzer tube cells. 

5. The electrolyzer tube cells can operate with any CO .,/water feed gas 
ratio. 

6. The electrolyzer tube cell can be operated with a CO^ feed gas flow 
rate as low as two times the stoichiometric flow rate at all current 
densities up to at least 538 mA/cm (500 ASF). This corresponds to 
a 50% single-pass conversion efficiency. 

7. The reduction potential for Y^O^-stabilized Zr02 solid electrolyte 
was experimentally determined to be 1.2 V. This implies that the 
electrolyzer tube cells can be operated at any current density as 
long as the IR-free voltage of the cell does not exceed the 1.2 V 
electrolyte reduction potential. 

8. Voltage versus current density data for the tube cell indicate that 
current densities for both CO^ and water electrolysis as high as 

538 mA/cm (500 ASF) can be achieved before the electrolyte reduction 
potential is approached. This implies that extended duration operat- 
ing current density for a future electrolyzer module may be increased. 
Future testing is required to determine the actual maximum extended 
duration current density for the cell. 

RECOMMENDATIONS 

Based on the successful results of the tube cell development effort, it is 
recommended that the following activities be carried out in order to expand 
the technology: 

1. Conduct a high current density endurance test to determine the 
maximum operating current density that an electrolyzer tube cell can 
operate at for an extended period of time, e.g., 90 days. 

2. Conduct an experimental design and fabrication effort to determine 
the thinnest electrolyte tube that can be fabricated and the largest 
diameter lead that can be incorporated into the electrolyzer tube 
cell. Assemble a single cell from the thin electrolyte tube with 
improved leads and conduct a parametric test program. By minimizing 
the solid electrolyte thickness and increasing the lead diameter, 

the cell resistance will be reduced, resulting in lower cell voltages 
and lower power requirements. 
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3. Perfora an evaluation of the electrolyte tube/Inconel 600 manifold 
tube joint to determine if the seal length can be reduced. The seal 
length used for the electrolyzer tube cell develo))ment effort described 
in this report vas 10 cm (4 in). It is projected that the seal 
length can be reduced to less than 2.5 cm (1 in) while still being 
leak-tight. The objective of decreasing the seal length of the tube 
cell is to minimize the volume of the one-man electrolyzer module 

that will be needed in the Solid Electrolyte Oxygen Regeneration 
System (SX-1). 

4. Conduct a test study to determine the maximum anode/cathode differen- 
tial pressure that the electrolyzer tube cell can withstand without 
resulting in catastrophic failure or significant increase in leak 
rate. 

5. Based on the work described in Recommendations 1 through 4, design, 
develop, fabricate, assemble and test an electrolyzer module incor- 
porating tube cells. It is recoasended that the module be designed 
so that it is capable of simultaneously electrolyzing CO^ and water 
vapor. This feature is required to eliminate the need for two 
recycle loops in the SX-1, one for CO^ and a separaie one for wpter. 

The elimination of one hot gas recycle loop will decrease system 
weight, volume and power requiiements and will simplify system 
operation and control. 

6. Upon successful completion of the development and evaluation of the 
electrolyzer module, it is recommended that SX-l be refurbished and 
modified to incorporate the electrolyzer module based on tube cells. 
Upon completion of the refurbishment activities, it is recommended 
that the SX-l be .subjected to par.ametric and endurance testing. 
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